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Objective: To investigate the epidemiologic relatedness of nosocomial infections due to Legionella pneumophila 
serogroup 1 diagnosed between 1992 and 1994 in six immunocompromised patients of the same hospital and to 
describe the measures which were developed to control the outbreak. 
Methods: Legionefla strains isolated from patients and from potable hot water were compared using three typing 
methods: monoclonal antibody analysis, arbitrarily primed PCR and ribotyping. 
Results: Environmental investigations revealed the presence of high levels of L. pneumophila serogroup 1 in hot water. 
The typing methods gave concordant results for demonstrating (1) the persistence of an epidemic strain of L. 
pneumophilaserogroup 1 in the major water distribution circuit of the hospital over a 3-year period, and (2) the identity 
between patients' and environmental strains. Five of the six patients were probably infected via aerosols of hot tap water 
following inappropriate therapeutic procedures. Repetitive heat flushings associated with regular bacteriologic 
surveillance allowed correct disinfection of the water distribution systems. Specific recommendations concerning 
aerosol delivery and oxygen therapy were implemented in order to prevent further nosocomial legionellosis. 
Conclusions: The same strain of L. pneumophifa had been able to colonize the main water circuit of the hospital for a t  
least 3 years; the relatedness between clinical and environmental strains was easily confirmed by the use of molecular 
markers. 
Key words: Legionella pneurnophila, nosocomial infection, epidemiologic typing, aerosol, control measures 
INTRODUCTION 
Members of the family Legionellaceae are frequently 
involved in community-acquired and nosocomial 
pneumonias. Among Legionella spp., Legionella pneumo- 
phila serogroup I is the most common agent found 
to be responsible for nosocomial infections [1,2]. 
Immunocompromised patients are particularly at  risk 
for such infections, especially those undergoing in- 
tensive care, organ transplantation or corticosteroid 
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therapy [3-51. Susceptible patients are infected after 
inhalation of aerosols containing bacteria from contam- 
inated hospital reservoirs, including potable water, 
cooling towers, faucets or respiratory therapy devices 
[1,5-lo]. However, Legionnaire's disease is often not 
considered in the differential diagnosis of nosocomial 
pneumonia, and instead cases are sometimes only 
identified through routine testing of clinical specimens. 
Epidemiologic markers of strain differentiation are 
needed to identifj outbreaks and to trace the route of 
transmission of bacteria. A number of typing methods 
have already been proposed for comparing strains of 
Legionella. They include monoclonal antibody (MAb) 
typing [9,11,12], plasmid profiles [4], DNA restriction 
patterns [3,9], ribotyping [12,13], pulsed-field gel 
electrophoresis [10,13], and various PCR finger- 
printing methods [12,14-161. 
The L. pneumophila serogroup 1 nosocomial out- 
break reported herein lasted from 1992 to 1994 and 
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included six cases. Three different methods, i.e. MAb 
subtyping, ribotyping and P C R  using arbitrarily 
chosen primers (AP-PCR), were applied for compar- 
ison of clinical and environmental strains of L. 
pneumophila serogroup 1; they allowed us to incriminate 
the hot water system of the hospital as the reservoir of 
the outbreak. This study reports the results of the 
epidemiologic investigations as well as the specific 
hygienic measures which were taken to control the 
outbreak. I t  seeks to emphasize the value of routine 
testing and surveillance for the recognition and 
prevention of nosocomial legionella infections. 
MATERIALS AND METHODS 
Hospital setting 
The Hbpital Nord of Saint-Etienne is a 650-bed 
university hospital located in two interconnecting 
blocks of eight and five floors respectively. The eight- 
floor block includes medical, intensive care, surgical 
and laboratory units. The five-floor block includes 
pediatric and obstetric departments. In the absence of 
air-conditioning ventilation, the Legionella-susceptible 
reservoir was thought to be the water distribution 
system, which is organized as follows. An external 
circulation system in which water is maintained at 
85-9OoC is used to heat six different hospital distri- 
bution circuits (designated nos 1-6), via independent 
heat exchangers. At no time can water mixing occur 
between the heating system and the distribution 
circuits. No storage tank is present in the latter circuits. 
Except for the kitchens, where the water temperature 
is maintained at 60°C, hot water is supplied in patient 
areas, baths and showers at  a temperature of 45OC. The 
longest circuit (no. 1) supplies water to the medical and 
intensive care units. 
Investigation of cases 
The definition of a confirmed legionellosis case relied 
on the association of clinical symptoms compatible 
with legionellosis (i.e. respiratory manifestations, fever, 
chest X-ray infiltrates) with one of the following 
nlicrobiological criteria: detection of a Legionella strain 
by culture of respiratory specimens and/or a four-fold 
variation in titers on paired serum specimens. A 
possible legionellosis case relied on the association of 
the same clinical symptoms and an antibody titer > 128. 
Nosocomial infection was defined by the occurrence 
of a case afier a hospital stay of at  least 5 days before 
the appearance of symptoms. 
The medical records of all patients with a 
laboratory diagnosis of legionellosis were investigated 
for the following criteria: sex, age, primary diagnosis, 
unit of hospitalization, features of immunosuppression, 
medications and use of respiratory medical assistance 
devices . 
Diagnostic methods 
Direct fluorescence assay (DFA) and culture of 
legionellae were performed on bronchoalveolar lavage 
specimens or on tracheal aspirates. L. pneuniophila 
serology was done in patients suspected of having 
nosocomial pneumonia. Respiratory samples were 
examined by direct fluorescent-antibody testing using 
an L. pneumophila genus-specific monoclonal antibody 
[17] and serogroup-specific rabbit polyclonal sera. 
They were inoculated onto buffered charcoal yeast 
extract medium supplemented with a-ketoglutarate 
(BCYE) with or without selective antibiotics (Oxoid, 
Unipath Ltd, Dardilly, France), and cultured at  35OC 
for at least 14 days. Water samples (1-2 L) collected 
from different points in the hot water system were 
filtered through 0.22-pm membranes (Costar, Dutscher 
s.a., Brumath, France) and cultured on BCYE agar. 
Colony counts were reported as colony-forming units 
per liter (CFUIL). The serodiagnosis of legionella 
infection was performed by an indirect fluorescent- 
antibody technique, using both polyvalent pooled 
antigens for screening tests and monospecific antigens 
to L. pneumophila serogroups 1-10 for confirmation 
tests, as previously described [ 171. 
Typing methods 
Strains of L. pneumophila serogroup 1 isolated from 
patients and from the environment were selected for 
additional phenotypic and molecular analysis. The 
three typing methods that were used-MAb analysis, 
ribotyping and AP-PCR-have been already described 
in detail elsewhere [14]. Cultures were tested at  the 
Centre National de Rkfkrences des L6gionelloses 
(Lyon, France) by immunofluorescence using a panel 
of 11 subgroup-specific MAbs to L. pnenmophila sero- 
group 1; the monoclonal antibodies were a gift from 
Drs Tobin (Oxford, UK), Joly (Quebec, Canada) and 
McKinney (CDC, Atlanta, USA) [lo]. Two endo- 
nucleases, PvuII and HindIII, were used for ribotyping 
and two 10-rner primers, 5’-AACGCGCAAC-3’ and 
5‘-GGTGGTGGCT-3’, for AP-PCR [I 41. 
RESULTS 
Case reports 
Six patients hospitalized between 1992 and 1994 
developed pneumonia due to L. pnenmopkila. The 
onset of legionellosis was observed 11-43 days (mean, 
23 days) after admission to hospital, so that all cases 
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were considered to be nosocomial infections (Table 1). 
A cluster of two cases occurred between September and 
December 1992; a third case was diagnosed in April 
1993; and another group of three successive cases was 
diagnosed between December 1993 and March 1994. 
Strains of L. pneuvnopkila serogroup 1 were incriminated 
in all six cases, by culture and/or DFA (Table 1). 
Legionellosis was confirmed by seroconversion in two 
cases and high antibody titers in three cases (Table 1). 
The patients included three males, with a mean age 
of 60 years (range, 50-65 years) and three females, with 
a mean age of 53 years (range, 37-65 years). A review 
of the charts of the patients showed that three of them 
had diabetes and three others had received systemic 
steroid therapy for renal failure or respiratory disease. 
One patient treated with corticosteroids had a past 
history of tuberculosis. Another patient shared 
combined risk factors of diabetes and Cushing's disease 
(Table 1). The issue was fatal in five cases (only patient 
IV survived). All six patients were hospitalized in units 
sharing the same water distribution circuit (no. 1). 
Patients 11, 111, IV and VI stayed in the same hospital 
throughout their disease. Patient 111 was initially 
hospitalized in the emergency unit of another hospital 
for acute respiratory distress syndrome and was trans- 
ferred 10 days later to the pneumology unit of our 
hospital because of improvement of his respiratory state. 
Fourteen days later, he developed extensive pneumonia 
and toxic shock leading to death. Patient I was initially 
hospitalized in the pneumology unit of our hospital for 
10 days; she went back home for 1 week before being 
hospitalized again in another hospital for respiratory 
distress associated with bacteriologic criteria of 
legionellosis (Table 1). Patient V was hospitalized for 
Cushing's syndrome in the internal medicine unit of 
our hospital for 40 days; because of cough, she received 
aerosols of corticosteroids, antibiotics and mucolytics 
for 8 days. She was then transferred for hypophysis 
surgery to a hospital in another town; 4 days after 
admission, she developed pneumonitis associated with 
bacteriologic criteria of legionellosis (Table 1). All 
patients were diagnosed as confirmed cases of legionel- 
losis according to the criteria defined above. 
Environmental studies 
Legionellae were isolated from the water outlet of the 
room located in the pneumology unit, where the first 
and the third case patients were hospitalized in 1992 
and 1993. The temperature of the hot water was 44OC. 
Additional strains were isolated during the same period 
from other water samples taken at different floors of the 
same circuit no. 1, especially in the nephrology unit, 
where the second patient was hospitalized the temper- 
ature of the hot water in this unit was 49OC. All strains 
were typed as L. pneumophila serogroup 1 .  
Table 2 Phenotypic a n d  genotypic markers applied to epidemic and non-epidemic strains of L. Imenmooiiila FerogrouD 1 
Strains of 
L. prrenmophila serogroup 1 MAb profiles Ribotypes' AP-PCR types' 
Tobin Joly McKinney 
Case Wnater panel, panel, panel, Pritiirr Prinier 
Source' patientb circuit 6 MAbs 3 MAbs 2 MAbs PuirII Hirid111 no. 1 no, 2 
Epidemic stranis El I 1 1 1 1 1 1 1 1 
c: I I1 1 1 1 1 1 I 1 
CI 111 1 1 1 I 1 1 1 
EI 111 1 1 1 1 1 1 1 1 
c: I IV 1 1 1 1 1 1 1 
El IV 1 1 2 1 1 1 I 1 
CI V 1 1 1 1 NA" NA 
El V 1 1 1 1 1 1 1 1 
El V 1 1 1 1 1 1 1 1 
c: I VI 1 I 1 1 1 1 1 
EI v1 1 1 I 1 1 1 1 1 
El None 1 I 1 1 1 1 1 I 
Non-epideniic strains EI None 2 1 1 1 I 1 2 2 
EI None 3 I 1 1 1 - 3 3 
KS Philadelphia 1 - 3 2 2 3 4 4 
RS Pontiac 3 1 - 7 3 -1 5 -l 
NA NA 
3 
7 
"EI, environmental isolate from tap water; CI, clinical isolate; RS, reference strain. 
hKonian numbers correspond to patients in Table 1. 
'Each independent profile iq deognated by a different number. Strains sharing a same profile are detignnated by the tame number 
dNA, not available (strain isolated in a hospital from another towii). 
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A first decontamination was performed in July 
1993 by heating the water in the circuits. Bacteriologic 
controls were found to be negative during the 
following 5-month period. The onset of new cases 
between December 1993 and March 1994 led to 
an extensive epidemiologic investigation: strains of 
legionellae were isolated from water samples of all units 
located on the major circuit no. 1, where the temper- 
ature was in the range 45-49°C. Bacterial counts 
reached lo5 CFU/L in this contaminated circuit. 
Exposure of patients to water sources 
Inappropriate therapeutic measures were noticed in five 
of the six cases, leading to close exposure to the hot 
water from the contaminated circuit: tap water was 
placed in the humidifier of the oxygen therapy equip- 
ment in patients I, 111 and IV and was used to deliver 
drugs by aerosol in patients V and VI. For patient 11, 
the only potential source of contamination was the hot 
water from the shower in his room. In all six cases, 
environmental cultures of hot water samples taken from 
the respective rooms were found to be positive for L. 
pneumophila serogroup 1. 
Typing of strains of L pneumophila serogroup 1 
Four case patient strains and seven isolates from water 
circuit no. 1 were compared by MAb analysis, ribo- 
typing and AP-PCR, as summarized in Table 2. The 
strain from patient V isolated in another town was not 
available for molecular typing; it was tested by MAb 
analysis performed in the same town, at the Centre de 
Rkfkrence des Lkgionelloses. The typing results of two 
environmental strains isolated from two other circuits 
(no. 2 and no. .:) and of two reference strains of L. 
pneumophila serogroup 1 (Philadelphia 1 (ATCC 
33152) and Pontiac) are shown as controls in Table 2. 
The strains of L. pneumophila serogroup 1 isolated from 
patients and water circuit no. 1 shared the same profile 
by all methods, except for the environmental isolate 
related to case patient IV, which was recognized by 
two MAbs (instead of one) out of three with the 
Joly panel (Table 2). The three typing methods were 
discriminative enough to distinguish the epidemic 
clone (numbered by convention 1 in each method) 
from reference strains (Table 2). It must be noted that 
the epidemic strain was not recognized by MAb type 2 
from the McKmney panel, which is considered to be a 
marker of strain virulence. AP-PCR was the only 
method which allowed the differentiation of the strains 
isolated in three independent circuits of the same 
hospital. Taken together, the typing results demon- 
strated the similarity of the strains of L. pneumophila 
serogroup 1 isolated from four patients and from hot 
water samples of circuit no. I .  Interestingly, an interval 
of about 3 years separated the isolation of strains from 
patients I and VI, indicating that the same strain of L. 
pneumophila serogroup 1 had colonized the main water 
circuit of the hospital for at  least a 3-year period. 
Efficacy of control measures 
The rise in temperature of the water in circuit no. 1 
once in July 1993 did not succeed in eliminating 
legionellae for long. After the occurrence of new 
nosocomial cases from December 1993 until March 
1994, periodic decontaminations of the entire system 
were performed by raising the water temperature to 
65-75OC for at least a whole day once a month and by 
flushing outlets for 1 h in all units. The aim was to 
reduce the legionella count to a range which carries a 
low risk of infection. Systematic bacteriologic controls 
were performed on samples of hot water taken before 
and after each disinfection procedure. L. pneumophila 
was not detected in any water sample 1-2 weeks after 
the heat flushing procedure, corresponding to bacterial 
counts < lo2  CFU/L. This regular monitoring demon- 
strated the efficacy of water disinfection, since the 
epidemic strain has not been isolated from environ- 
mental samples from June 1994. In 1995, procedures 
of heat decolonization were decreased to a 2-month 
periodicity in order to reduce the energy cost. In 
parallel, all procedures and indications of inhalation 
therapy were reviewed and the need to use sterile water 
to humidify respiratory equipment was emphasized. 
No further case of legionellosis has been diagnosed for 
3 years in our hospital. 
DISCUSSION 
Infection via inhalation of aerosols is a usual route of 
transmission of legionellae from environmental reser- 
voirs to susceptible patients [ 181. Nosocomial legionel- 
losis is generally observed in immunocompromised 
patients [2-51; our patients were diabetic or received 
immunodepressive treatment. All of them but one had 
received inhalation therapy by aerosols (two cases) or 
oxygen therapy (three cases). The last patient may have 
been infected by aerosols produced by the shower in his 
room. The contamination of potable water was pre- 
dominantly detected in the medical and intensive care 
units, where the case patients were hospitalized, reach- 
ing up to lo5 CFU/L. A unique clone was isolated over 
a 3-year period in this distribution circuit. The 
conjunction of these factors could explain the severity 
of our patients’ infections, although the epidemic strain 
was not shown to produce any particular factor of 
virulence, as evidenced by the absence of reactivity 
with MAb type 2 from the M c l n n e y  panel, a marker 
positive with Pontiac- and Philadelphia-related strains 
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of serogroup 1 [5,9,19]. Other authors reported the 
colonization of potable water by diverse populations of 
L. pneumophila within geographically clustered insti- 
tutions sharing the same potable water source, suggest- 
ing that each building constitutes a separate ecosystem 
1191. These findings are in agreement with the isolation 
of different clones of Lqionella from the independent 
water distribution systems of our hospital (Table 2). 
The use of strain typing to assess the relationship 
between environmental and clinical isolates of L. 
pneumophila serogroup 1 prompted the implementation 
of disinfection measures that resulted in the control of 
the outbreak. The respective advantages and limits of 
the different epidemiologic markers used in this 
investigation have been discussed in detail elsewhere 
[ 141. Overall, AP-PCR-which was found to be rapid, 
easy to perform, cost-effective and discriminative- 
appears to be the method of choice for analyzing strains 
of Legionella involved in nosocomial infections [14,16]. 
This outbreak had a case-fatality rate of 80%. The 
delay until corrective measures were taken can be 
explained by the conjunction of at  least three factors: 
(1) almost 3 years elapsed between the two extreme 
cases; (2) the cases occurred in four different units 
with different sources of water contamination, making 
difficult the clustering of cases (which was made 
possible thanks to typing methods); (3) the setting of 
efficient and durable measures of water disinfection 
were delayed due to economic considerations and to an 
underevaluation of the risks-the demonstration of the 
identity of all strains by typing methods contributed 
largely to the risk awareness. 
Different methods have been proposed to decon- 
taminate water supplies, including hyperchlorination, 
superheat and flushing disinfection, and/or copper/ 
silver ionization [10,20,21]. No tank storage of hot 
water was present in the distribution circuits of our 
hospital and controls indicated that the temperature of 
the hot water was relatively correct, in the range 
45-48°C in medical units. In 1993, we tried to eradi- 
cate the bacteria by heating the water circuit once. This 
single procedure was ineffective, since bacteria were 
isolated again a few months later and new clinical 
infections occurred. Repetitive heat flushings at 7OoC 
were then performed every month in 1994, and every 
2 months later; these methods were successful in 
significantly reducing the level of hot water coloniz- 
ation by legionellae (< 10’ CFU/L). However, since 
the infective dose required for development of disease 
is actually unknown, the critical threshold for legionella 
colonization in hospital potable water cannot be 
defined [22]. It  must be noted that the heat flushing 
procedure applied alone failed to eradicate legionellae 
in many hospitals; it was only effective when used in 
combination with other local or systemic disinfection 
techniques [1,5,7,9,20,23]. The relative newness of our 
hospital (built in 1982) may explain the efficacy of 
superheat and flushing in controlling the outbreak 1201. 
In addition, ventilation procedures were extensively 
revised: sterile water was used in all respiratory care 
equipment, as recommended by others for nebulizers 
[7], and indications for aerosol therapy were recon- 
sidered. Additional measures have been recommended 
to prevent the occurrence of nosocomial legionellosis, 
such as systematic surveillance of patients at  risk for 
Legionnaire’s disease [24]. Since culture and detection 
of increases in antibody take time in the laboratory, 
the use of a rapid test based on the detection of 
L. pneumophila serogroup 1 antigen in urine [25]- 
not available in France at  the time of the study- 
could accelerate the institution of specific antimicrobial 
therapy. 
In conclusion, important findings from the investi- 
gation of this outbreak can be summarized: (1) the long 
duration of hot water circuit colonization by L. 
pneumophila (3 years in the present study); (2) the 
severity of legionellosis in patients with immunologic 
disorders; (3) the value of typing methods to convince 
all health participants of the reality of an outbreak (even 
when cases are disseminated across time and space); (4) 
the usefulness of regular bacteriologic control of tap 
water; and (5) the difficulty in eliminating Legionellae 
from contaminated water circuits in hospitals. 
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